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I am in full support of the attached invention disclosure entitled ''Method to Determine a 
Mathematical Flow Limitation and Upper Airway Resistance", which is submitted for your 
consideration. 

Dr. Michael Samson, Chief of Staff, Dn Mark Edelstein, ACQS for Medicine and Dr. Richard E. 
Miller, ACQS for R&D at this iacility are in concurrence with this invention disclosure. 
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3430. 
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Dear Sir: 





Department Of Veterans Affairs Headquarters 
Washington, D.C. 20420 
Reporting Invention 

1. Title of Invoition: Method to Determine A Mathematical Flow Limitation and Upper 
Airway Resistance 

2. Name of inventor and each co-inventor, business address, phone number (include area 
code), fax number, email and officiai title or position. 

Khaled F. Mansour, Ph.D. 

John D. Dingell VA Medical Center 

4646 John R 

Detroit. Mi 48202 

Phone:(313)576-3551 

Fax:(313)576-1377 

E-Mail: kmansour^gintmed.wavne.edu 

Without-compensation Research Associate 

James Rowley^ MD 

4707 St. Antoine. 1 Center 

Detroit, MI 48201 

Phone: (313) 745-9621 

Fax: (313)745-8725 

E-Mail: irowlev(g).intmed.wavne.edu 

Fee Basis/Consultant physician (VA) 

Assistant Professor and Director of Hutzel Sleep Lab. 

Mahdi Shkoukani 

4646 John R 

Detroit, Mi 48202 

Phone: (313) 576-3548 

Fax:(313)576-1377 

E-Mail: mshkoidcani@intmed.wavne.edu 

Without-compensation Research Assistant 



M Sqfwan, Badr (MD) 

John D. Dingell VA Medical Center 

4646 John R 

Detroit, MI 48201 

(313)576-3376 

Email: Sbadr@intmed.wavnc.edu 
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Physician (.6) and Principle Investigator (VA) 
Professor and Division Chief. Pulmonary, Critical Care and Sleep Medicine 
Harper Hospital 
3990 John R, 3 Hudson 
Detroit, MI 48201 
Phone: (313) 745-6033 

L^^^nliKfr^T co-inventor's research duties and 

hJwIi?'' H y V* '^^^ " P'«»^e "Plain, 

'r VA; Xetr4 a"^^^^^^^^^ responsibilities contribute or relate to the inven'lion. If 

m^llilT'iT ™\'\P^ °f his Ph.D. dissertation and a research project in upper airway 
mechanics He has contnbuted to the theory, data analysis, and design method for an 
expenmentol application of the data. Since the data analyses were in agreement with the theory 
he designed two diflFerent codes using visual basic software. One of thf codesis u^dto caTc^^^^ 
^tlT/T'' "'"'r ' *° '"^P'^«t°^ f^oy, limitation ^^^b^S^s 

to speed the process in automatic and reproducible fashion. 

James Rowley : Dr. Rowley served as assistant supervisor of the project, providing ideas and 
r:SprS]r"' ' ^^^""""^ measurement L p^ovirg^otSgTt fo^ 

Mahdi-^ShkouKani : He provided experimental data acquisition and processing, input to the 
v^t^ttn """^ '"•^"^^ -^'y^'^' code validation and fin^l tults 

^H^vSl^l^"^'" ' ^^V^ Chief Supervisor/decision maker. He provided theory correction 
and validation and planned, organized and refined the work. 

a. Please attach a copy of a position description (PD) for each VA inventor. 

Two of the co-inventors are MDs who do not have position descriptions and bofli witiiout- 
compensation employees do not have official position descriptions. 

b. If the inventor holds a WOC (without compensation) appointment, please include a 
copyofthesignedVA-WOCAppointeelntellectualProperJi-Agreeme^^^ Ifnone, 
please indicate whether or not the employee was paid on an IPA to the VA during the 
time the invention was being worked ^ 

Copies of VA-WOC agreements are attached. Neither WOC employee was or is on an IPA. 
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4. Name and address of the facility at which the invention was made: 

John D. Dingell VA Medical Center 
4646 John R 
Detroit. MI 48201 

5. Contribution of the VA to the invention in staff, funds (list amount), equipment, 
facilities, materials /or supphes ""i 

■ Invention was made in Sleep Research Lab at the VA Medical Center, Room C-3436 

■ Computer equipments and software - $6,330 for 2 14 years 
" Scientific articles - $2000 

6. Please list all other government contribution, such as NIH grants 
50% of the funds for the graduate student salary came fiom NIH grants. 

7. Contribution of any non-government organizations, including a university or 
institution of higher learning, to the invention in staff, fiinds (list amount), equipment, 
facilities, materials/or supplies, time or services on ofTicial duty for such entity. (Please 
indicate the source, nature, and value of contribution). 

■ Wayne State University - Department of Medicine offered the grants for this invention 

■ Salary for graduate students - 70,000 for 2 '/S years 

■ Computer equipments and software - $6,340 for 2 '/i years 

■ Text books and manuals $2000 

■ 1000 hours to develop and Design the code - 1000*{$100/hr)= $100,000 

8. Describe the invention completely, using the outline given below. Sketches, prints, 
photos, and any pertinent manuscript should be attached to this disclosure. Manuscripts 
generally following the outline are acceptable substitutes 

a. General Purpose. State in general terms the purpose and object of the invention 

The purpose of this work is to develop automated methods to measure two important 
indices of upper airway mechanics in an automated, objective and reproducible manner. 

1 . Upper airway resistance 

2. Inspiratory flow limitation. 

b. Background. Describe the prior art (identify by patent number or journal citation, if 
possible) and indicate how the invention differs and is more advantageous than prior 

The ability to detect inspiratory flow limitation objectively may have significant relevance to 
the diagnosis of sleep-disordered breathing (SDB). The description of the upper airway 
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resistance syndrome (UARS) expanded the spectrum of SDB by including patients without 
episodes of apnea or identifiable hypopnea. Detection of inspiratory flow limitation is critical 
to the diagnosis of UARS. Unfortunately, detection of inspiratory flow limitation was based 
on subjective visual detection of a square flow profile without pressure measurements 
pST' ""^ analysis of the pressure-flow loop is laborious and ftaught with subjective 

We have developed a novel method based on engineering theory to detect inspiratory flow 
limitation and compute upper airway resistance. This method can be applied in an automated 
manner to a large amount of data just in 1 minute for 50 breaths. Using conventional 
methods, this analysis consumed more than 5 hours of time from experienced laboratory 
personnel and was fraught with subjective pitfalls, especially in the determination of 
mspiiatoiy flo>y limitation. Thus, our method can be used on a large number of breatiis in an 
automated fashion and may be usefiil in future studies tiiat assess tiie Sleep Disordered 
Breathing. 

Several mathematical models have been proposed to cHaracterize the pressure flow 
relationship m the pharyngeal upper airway; however these models did not develop to specify 
inspiratory flow limitation or resistance in an objective, automated and reproducible method. 

i) Rohrer. F. The resistance in the Human airway. Pfluegers arch physioI 162*255- 
299, Germany (1915) 



Hudgel. D, Hendricks C, and Hamilton H. Characteristics of the upper airway 
pressure- flow relationship during sleep. J Applied physiology. 64 (5); 1930-1935 
(1988) 



iii) Guilleminault, C, R. Stoohs, T. Shiomi, C. Kushida, and I. Schnittger. Upper 
airway resistance syndrome, nocturnal blood pressure monitoring, and borderline 
hypertension. Chest 109: 901-908, 1996. 



iv) 



Hosse^t, J., I. Ayappa, R. G. Norman, A. C. Krieger, and D. M. Rapoport. 
Classification of sleep-disordered breathing. Am J Respir Crit Care Med 163- 
398-405,2001. 



c. Description and Operation. Describe completely (sufficient to permit the preparation 
of a patent application), the construction of the invention using reference characters to 
identify components in attached illustrations. Give a description of one complete 
operational cycle. If the invention relates to the synthesis or identification of a new 
composition of matter, describe the product in a structured form, if possible, and the 
process of making it. Include all available information regarding its physical 
characteristics and all test data evidencing its utility 
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First we get the raw data of pressure - flow from the subject. Inspiratory air flow was 
measured by a heated pneumotachometer (model 3700A, Hans Rudolph, Kansas City MO) 
??PS?aS^'' fl^f "^^ "^^^ measured by using a transducer-tipped pressure catheter (m'odel ' 
TC-500XG, Millar instruments, Houston. TX). Data for both signals were recorded on an 
acquisition program (Power Lab on Mac OS, version 4.0, Grand Junction. Colorado) Then 

f^K !uT ^'^Pf'^^V^ ^ 'P'^^^ 'A which represents extraction of 

the breath from the polygraph, as indicated on box label; others represent various channels ) 
At this point, our program is ready to do its action. The data in the spread sheet then will be 
divided into breaths based on the fact that each breath would start with Flow = 0 and that 
inspiration precedes expiration. Then, adjusted pressure would be added as a new column to 
make sure that the first coordinate of every breath would be (PressuTe=0, Flow=0) Next a 
fourth column would be added as the resistance where resistance = adjusted Pressure/ Flow 
Then a table would be created presenting the value of resistance at fixed flow (flow= 0 20 ' 
Us) for eveiy breath. Finally, an X-Y graph would be plotted for every breath where adjusted 
pressure in the x-axis and flow in the y-axis. (See attachment Macro 1 .) 

The second program (see attachment Macro 2) follows the same steps mentioned in the first 
program up to calculating the adjusted pressure step. Then, the raw pressure column would be 
deleted and a column of flow and another for adjusted pressure would remain. Next, a curve 
fitting of the inspiratory rising limb flow-pressure Fig IB, and Fig IC (Fig IB represent the 
whole loop of the Breath or the actual data. Fig IC represent the curve fit dotted line and 
sohd line is the actual data. Fig I D represent slope of the fitted data, for example the slope 
here IS positive it is IFL) relationship would be executed to get a mathematical polynomial 
fimction F(P)= A P^ + B P^ + CP+ D, where A. B. C, and D are the coefficients (constants). 
The software will calculate the coefficients (A. B, C, D). and calculate the derivative of the 
matiiematical model see Fig ID (which represents the slope). 

— = 3AP-+2BP-hC 



If the denvative at the maximum actual flow is zero or positive then the breath is inspiratory 
flow limited. Inspiratory flow limitation is defined as cessation of increase in flow with a 
continuous decrease in pressure (becoming more negative) see Fig 1 D, and Fig 3 (right panel, 
top right is the fitted fiinction (gray line), and bottom right panel is the slope as it is shown 
positive slope) 

— SO ► IFL 

dP 



If the derivative of the model at maximum actual is less than zero, it is non inspiratory flow 
limited. Fig 3 (Left panel, top represent curve fit for NIFl (gray line), bottom negative slope 
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dF 
dP 



<0 



NIFL 



Tlien we will calculate resistance by taking the reciprocal of the Coefficient C, as shown in 
Fig (2) (tangent solid line represent the linear portion where we should calculate the slope for 
the actual pressure flow loop) ^ 



Re sis tan ce = — 
C 



The out put of the program consist of two Excel sheets as follows: 

n ^."isheet has a table for each breath. In the table there are a list for the Coefficients (A 
B. C. D), and a column for breath type (NIFL, IFL), and resistance for each breath (Macro 



b Second sheet shows the calculation of the Coefficients (A, B, C, D) on the Excel to get 
the curve fit, and calculation of the derivatives to get breath type, and resistance. In the 
same sheet we will get the chart for pressure flow loop of the actual data, and on the top of 
the graph we will get a duplicate curve for our model. On the same sheet we will get the 
derivative grs^ih if it is positive, zero, or negative. (Macro 2) 

d. Non-Technical Description. Describe on one page or less (double-spaced) the 
invention in terms understandable to non-scientists. 

We developed two different programs. One program is to measure the upper airway resistance 
using the formula: Resistance = Pressure/ Flnw 

Raw data of flow and pressure is exported to an excel spreadsheet. The program would then 
divide the data into individual breaths and adjust the pressure for every breath to make sure 
that both flow and pressure starts with the value 0. Next, each breath is graphed where Flow 
in the y-axis and pressure in the x-axis. Then, the slope between the points Flow =0 and 
Flow=0.20 is calculated. The resistance would be then the inverse of the slope. 




The second program does two functions. First, determine whether a breath is flow limited 
or not. Flow limitation is defined as cessation of increase in inspiratory flow with continuous 
decrease in pressure. The other function is to measure the upper airway resistance using the 
coefficient C which is obtained from the mathematical ibnction that represents the Flow- 
Pressure cur\'e for each breath (F (P)= A + B + CP+ D) where Resistance = 1/C. 

Using the flow and adjusted pressure data, the second program runs a curve fitting to 
describe the flow-pressure pressure in meaningful polynomial function (F (P)= A P^ + B P^ + 
CP+ D). Then, the derivative of this function is calculated as follows: F' = 3AP^+2BP+C 
If the value of the derivative F' at maximum flow is equal or greater than zero then it is a flow 
limited breath, otherwise, it is a non flow limited breath. Finally, the program would measure 
the upper airway resistance using the equation: Resistance= 1/C. 

9. Commercial possibilities, including quantity and sales price range, if available. 

* This work has some commercial value for research and possibly clinical sleep laboratories. 
The program can be incorporated into current data acquisition packages in sleep labs and 
would allow for a rapid detection of inspiratory flow limitation. Automated scoring may 
save on personnel time and cost. 

■ We are expecting price range within $3000/ original copy; this will include technical 
support. 

10. State any reasons for applying for a patent, or why publication would not be adequate 
to promote the availability of the invention to the public. 

The unique features of our patent are: 

■ Theory and experimental results are tightly congruent. There is no model in the literature 
of upper airway mechanics, especially to detect inspiratory flow limitation accumtely. 

■ This software allows for automated detection of inspiratory flow limitation and 
computation of resistance in the upper airway. 

■ As a special feature for this model we designed new codes and the code has special 
Alsoriihm that allows for rapid analysis of large quantities of data . 
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■ The specific components of the algorithm are: Bring data points into arrav! normalise tht. 
moving flow and moving average. normahVe t he residual, identify noise and set it to 
continuous array. 

■ The code also provides a precise composite loop of several breathes (added on top of 
each other). These codes need to be copyrighted for public use and mariceting. 

1 1. Sfate whether any other party or institution is interested in filing and administering a 
patent application on the invention. 

Dual link between VA Medical Center and aflRliate. Wayne State University, Detroit, Michigan 
However, a CTAA has not yet been signed. 

12. Publication or planned publication of description of the invention which would enable 
someone skilled In the technology to which the invention pertains to make and use the 
invention. If published, please include journal citation and attach a reprint, if available. 

The invention has two parts - theory and software. The theory portion has been accepted (June 
2002) by the Journal of Applied Phvsiolopy to be published in October or November of 2002. 
The software part of the invention has not yet been publicized. 



13. State whether the invention has previously been disclosed, as for example, descriptioii 
and date of any sale or public use of the uivention In the United States. Description should 
specily if the use was operational, or for testing purposes, and if there was any effort or 
intention to maintain the invention in secrecy after the operational use commenced. 

No 

14. Patent Application number. If already filed. 

N/A 

15. Signed certifications for each VA and WOC inventor that are listed are attached. 



M.S. Badr, M.D. 



^Mahdi A. Silkoukani 





James/Rowley, M.D. 
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Example MACR0 1 

Group 1 raw pressure 





Pressure 


adj. P 


resistance 


Group 


0.04 


-5.87 


-0.12 


-2.85 


Group 1 


0.08 


-5.95 


-0.20 


-Z68 


Group 2 


0.15 


-6.25 


-0.50 


-3.41 


Group 3 


0.16 


-6.38 


-0.63 


-3.90 


Group 4 


0.21 


-6.76 


-1.CG 


-4.91 


Groups 


0.22 


-6.89 


-1.15 


-5.25 


Group 6 


0.25 


-7.36 


-1.62 


-6.42 


Group 7 


0.26 


-7.54 


-1.79 


-6.84 


Group 8 


0.29 


•6.03 
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-9.82 


-4.08 
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0.35 
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0.35 


-10.21 


-4.47 


-12.65 
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FLOW Pressure Resistance 
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VA- woe APPOINTEE INTELLECTUAL PROPERTY AGREEMENT 



This agreement is made between Mahdi A. Shkoukani and the Department of Veterans Affairs (VA) in 
consideration of my without compensation (WOC) appointment by the VA Medical Center, Detroit, Michigan 
(VAMC) and performing VA-Approved Research (as defined below) utilizing VA resources. This agreement is 
not intended to be executed by WOC appointees exclusively performing clinical services, attending services, or 
educational activities at the VAMC. 



1 . I hold a WOC appointment at the VAMC for the purpose of performing research projects, evaluated and 
approved by the V A Research and Development Committee (VA-Approved Research), at that VAMC. 

2. By signing this agreement, I understand that, except as provided herein, I am adding no employment 
obligations to the VA beyond those created when I executed the WOC appointment. 

3. I have read and understand the VHA Intellectual Property Handbook 1200.18 (attached) which provides 
guidance and instruction regarding Invention disclosures, patenting and the transfer of new scientific 
discoveries. 



4. Notwithstanding that I am an employee or appointee at Wayne State University, I will disclose to VA any 
invention that I make while acting within my VA-WOC appointment in the performance of VA-Approved 
Research utilizing VA resources at the VAMC or in V A-approved space. 

5. I understand that the VA Office of General Counsel (OGC) will review the invention disclosure and will 
decide whether VA can and v^ll assert an ownership interest. Every ejEfort will tie mkde to issue a decision 
within 40 days of receipt of a complete file. OGC will base its decision on whether VA has made a significant 
contribution to the invention, to include my use of VA facilities, VA equipment. VA materials, VA supplies, 
and VA personnel, as well as assessment of the potential of the invention. 

6. If VA asserts an ownership interest based on my inventive contribution, then, subject to Paragraph 7 below, ! 
agree to assign certain ownership rights I may have in such invention to the VA. I agree to cooperate with VA, 
when requested, in drafting the patent applications(s) for such invention and will thereafter sign any documents, 
recognizing VA's ownership, as required by the U.S. Patent and Trademark Office at the time the patent 
application is filed. 

7. VA recognizes that I am employed or appointed at the entity named in paragraph 4 and have obligations to 
disclose and assign certain Invention rights to It. If that entity asserts an ownership interest. VA will cooperate 
with it to manage the development of the invention as appropriate. 

8. If a Cooperative Technology Administration Agreement (CTAA) exists between the VA and the mentioned 
entity in paragraph 4, this Agreement will be implemented in accordance with the provisions of that CTAA. 

Signature Date ^ 



RlchaM E. Miller, M.D. Date 
ACOS/R&D 



^ VA-WOC APPOINTEE IIVT ELLECTUAL PROPERTY AGREEMFlsrr 

This agreement is made between KJialed Mansour and the Department of Veterans Affairs (VA) in 
f-J^"fi^^*?****^ ^'"^^ ^^o^P^^ation ( WOC) appointment by the VA Medical Center, Detroit, Michigan 

(VAMC) and perfornung VA-Approved Research (as defined below) utilizing VA resources. This agreement is 
not mtended to be executed by WOC appointees exclusively performing clinical services, attending services or 
educational activities at the VAMC. 

1 . I hold a WOC appointment at the VAMC for the purpose of performing research projects, evaluated and 
approved by the VA Research and Development Committee (VA-Approved Research), at that VAMC. 

2. By signing this agreement, I understand that, except as provided herein, I am adding no employment 
obligations to the VA beyond those created when I executed the WOC appointment. 

3. I have read and understand the VHA Intellectual Property Handbook 1200.1 8 (attached) which provides 
guidance and mstruction regarding hivention disclosures, patenting and the transfer of new scientific 
discoveries. 



4. Notwithstanding that I am an employee or appointee at Wayne State University. I will disclose to VA any 
invention that I make while acting within my VA-WOC appointment in the performance of VA-Approved 
Research utilizing VA resources at the VAMC or in VA-approved space. 

5. I understand that the VA Office of General Counsel (OGC) will review the invention disclosure and will 
decide whether VA can and will assert an ownership interest. Every effort will be made to issue a decision 
withm 40 days of receipt of a complete file. OGC will base its decision on whether VA has made a significant 
contxibuuon to the invention, to include my use of VA facilities, VA equipment. VA materials, VA supplies 
and VA personnel, as well as assessment of the potential of the invention. 

6. If VA asserts an ownership interest based on my inventive contribution, then, subject to Paragraph 7 below 1 
agree to assign certain ownership rights I may have in such invention to the VA. I agree to cooperate with VA ' 
when requested, in drafting the patent appiications(s) for such invention and will thereafter sign any document's 
recognizing VA's ownership, as required by the U.S. Patent and Trademark Ofllce at the time the patent 
application is filed. 

7. VA recognizes that I am employed or appointed at the entity named in paragraph 4 and have obligations to 
disclose and assign certain Invention rights to It. If that entity asserts an ownership mterest. VA will cooperate 
with It to manage the development of the invention as appropriate. 

8. If a Cooperative Technology Administration Agreement (CTAA) exists between the VA and the mentioned 
entity in paragraph 4. this Agreement will be implemented in accordance with the provisions of that CTAA. 
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